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Abstract

As the largest fruit in China, citrus is in a leading position compared to other fruits in terms of output
and planting area. Sugar content and moisture content are important evaluation indicators of the internal
quality of citrus. Citrus with less sugar juice tastes bland and difficult to chew, while citrus with more
sugar juice is sweet and refreshing, which is more popular with consumers. Therefore, it is particularly
important to detect the sugar content and moisture content of citrus. How to realize non-destructive testing
of sugar content and water content is of great significance. In this thesis, a dynamic acquisition device of
visible near-infrared spectroscopy was developed. The spectral data of Yunnan Jinniu Tangerine was
collected as the research object, and quantitative analysis models of sugar content and water content were
established respectively, and the model parameters were optimized, so as to realize non-destructive testing
of citrus sugar content and water content indexes.

The main research contents and relevant conclusions of this thesis were as follows:

1. A visible near-infrared spectrum dynamic acquisition device was built with citrus as the test object,
mainly composed of conveying unit, illumination unit, acquisition unit and trigger unit. The device can
collect the visible near-infrared spectral information of the test sample in the range of 0~0.5 m/s under the
condition of different light source intensity. The spectral data of the test samples were collected under the
conditions of different light source power, integration time and transmission speed, and the PLS models for
sugar content prediction and moisture content prediction were established. The results show that the
acquisition parameters (light source power 50 W, integration time 100 ms, transmission speed 0.5 m/s)
were the best for sugar content prediction. In the prediction of water content, the acquisition parameters of
the device were set as (light source power 50 W, integration time 100 ms, transmission speed 0.4 m/s), and
the prediction results are optimal.

2. Establish the prediction models of citrus sugar content and water content respectively. The spectral
data of the test samples were collected under the combination of the above two parameters. Different
pretreatment methods (MSC, SNV, Smoothing, NOR, 1stD) and a variety of combined pretreatment
methods combined with SPA, CARS, PCA, RF four dimensionality reduction methods to process raw data,
to establish PLS, SVR, BP prediction models. The results show that the prediction performance of PLS
model by Smoothing+MSC+CARS was the best, Rc and Rp were 0.913 and 0.881, RMSEC and RMSEP
were 0.274 and 0.207, and RPD was 2.114, respectively. When predicting water content, by
Smoothing+SNV+Nor+CARS treatment, the BP model has the best prediction results, Rc and Rp were

0.911 and 0.895, RMSEC and RMSEP were 0.179 and 0.111, and RPD was 2.242.
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3. Grid algorithm, particle swarm optimization (PSO) and genetic algorithm (GA) were used to
optimize SVR model ¢ and g parameter BP neural network model to connect node parameter weights w
and bias b, and the optimized SVR and BP neural network models were established to predict the sugar
content and water content. The results showed that: optimized by mesh algorithm,
Smoothing+1stD+MSC+CARS processing, SVR model had the highest accuracy in predicting sugar
content, and its Rc value, Rp value and RPD value were 0.954, 0.937 and 2.862, respectively, which was
significantly higher than that of PLS model. Optimized by particle optimization algorithm and
Smoothing+1stD+SNV+CARS treatment, PSO-SVR model had the highest accuracy in predicting water
content, and its Rc value, Rp value and RPD value were 0.969, 0.919 and 2.536, respectively, which was
higher than that of BP model. The above results showed that model optimization could improve the
stability and prediction accuracy of the prediction model of citrus sugar content and water content.

Key words: Visible near infrared spectrum; Moisture content detection; Sugar content detection; Citrus;

Model optimization
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